The relative excess of some catabolites of sulfur-containing amino acids in the liver of rats fed a low protein diet might be one of the factors which cause the liver fat accumulation. To investigate the possibility were studied relationships between changes in concentrations of some metabolites of sulfur-containing amino acids and those in fat contents of rats fed a low protein diet consisting of heated soybean flour, casein or wheat flour with or without added methionine, threonine or lysine. The addition of 0.6% methionine to the 25% heated soybean flour diet increased the nonprotein-sulfhydryl (NP-SH) concentration and fat content in the liver. These changes were prevented by the further addition of 0.5% threonine to the diet, although the NP-SH concentration was remarkably higher than that of rats fed the unsupple mented diet. The addition of 0.6% cystine HCl to the 25%. heated soybean flour diet contain ing sufficient choline elevated the NP-SH concentration and fat content in the liver, which were not affected by the further addition of 0.5% threonine. The addition of 0.6% cystine HCl to the 10% casein diet significantly increased the fat content, and NP-SH and taurine concen trations in the liver. The further addition of 0.5%. threonine completely decreased the fat content, and partially reduced the NP-SH and taurine concentrations.
The relative excess of some catabolites of sulfur-containing amino acids in the liver of rats fed a low protein diet might be one of the factors which cause the liver fat accumulation. To investigate the possibility were studied relationships between changes in concentrations of some metabolites of sulfur-containing amino acids and those in fat contents of rats fed a low protein diet consisting of heated soybean flour, casein or wheat flour with or without added methionine, threonine or lysine. The addition of 0.6% methionine to the 25% heated soybean flour diet increased the nonprotein-sulfhydryl (NP-SH) concentration and fat content in the liver. These changes were prevented by the further addition of 0.5% threonine to the diet, although the NP-SH concentration was remarkably higher than that of rats fed the unsupple mented diet. The addition of 0.6% cystine HCl to the 25%. heated soybean flour diet contain ing sufficient choline elevated the NP-SH concentration and fat content in the liver, which were not affected by the further addition of 0.5% threonine. The addition of 0.6% cystine HCl to the 10% casein diet significantly increased the fat content, and NP-SH and taurine concen trations in the liver. The further addition of 0.5%. threonine completely decreased the fat content, and partially reduced the NP-SH and taurine concentrations.
Effects of supple mentation of 0.4% lysine HC1 to the 70% wheat flour diet on the fat content and NP-SH concentration in the liver demonstrated the trends similar to those of supplementation of cystine to the 10% casein diet. The further addition of threonine remarkably decreased the fat content, NP-SH and taurine concentrations in the liver. Table II , the calculated contents of sulfur-containing amino acids in one or both of 25% heated soybean flour diet and 10% caseinn diet are lower than those in Rama Rao's pattern, and there is a remarkable difference in cystine and methio nine contents in these diets. To investigate effects of supplementation of methionine or cystine to a low pro tein diet on growth rate, food intake, liver fat content and liver nonprotein sulfhydryl (NP-SH) concentration,. rats were given a 25% heated soybean flour diet, which was primarily deficient in methionine, supplemented with either L-methionine or L-cystine HCl at 0.2, 0.4 or 0.6% level respectively, for 9 days. Effects of further supple mentation of threonine to a low protein diet already supplemented with sulfur-containing amino acids on, liver fat contents and NP-SH concentrations were studied with rats fed the 25% heated soybean flour diet supplemented with 0.6% L-methionine or 0,6% Lcystine HCl, 0.6% methionine plus 0.5%. L-threonine, or 0.6% L-cystine HCl plus 0.5% L-threonine for 9 days.
Experiments 4 and 5.
These experiments were car ried out to investigate the relationship between liver fat contents and liver NP-SH and taurine concentrations. of rats fed a 10% casein diet supplemented with 0.6% L-cystine HCl or 0.6% L-cystine HCl plus 0.5%, Lthreonine, or a 25% casein diet, which had the same composition as the 10% casein diet except for the con tents of casein and sucrose, for 14 days.
Experiments band 7.
As shown in Table II , a 70% wheat flour diet is primarily deficient in lysine. An addition of lysine to this diet shifts the most limiting amino acid from lysine to threonine, resulting in a proportionally similar composition of threonine, lysine and sulfur-containing amino acids to that of 25 heated soybean flour and 10% casein diet supplemented with sulfur-containing amino acids. Therefore, to investigate relationships between changes in liver fat contents and those in liver NP-SH concentrations caused by the addition of lysine and threonine to a wheat flour diet, rats were given a 70% wheat flour diet supplemented with 0.4% L-lysine HCl or 0.4% L-lysine HCl and 0.3% L-threonine for 9 or 14 days.
Analytical procedure
Nonprotein-sulfhydryl (NP-SH) concentration in the liver was determined by the method of Sedlak and Lindsay.13) Taurine concentration in the liver was estimated by the modification of the method of Sorbo.14) Two grams of the liver were homogenized with 8ml of 4% trichloroacetic acid solution.
The homogenate was centrifuged at 3000rpm for 10min. Twoml aliquots of the resulting supernatant were applied to the top of DIAION SK column, strongly acidic cation exchange resin, hydrogen form, 0.7 10cm in size, and the column was washed 4 times with 2ml portions of water. To the combined effluent was added 1 drop of methyl red indicator before the solution was titrated with 0.2N NaOH to the indicator end-point.
The total volume was made to 15ml with water. The taurine in the solution was determined with ninhydrin. In these effluents obtained from the livers of rats under various feeding conditions, taurine was identified to be only one ninhydrin-positive component by paper chro matography in two different solvent systems (n-butanolacetic acid-water (4:1:1, v/v/v), and ethanol-waterconc.ammonia aq. (18:1:1, v/v/v)). The liver fat content was determined gravimetrically after ethyl ether extraction of the dried liver.
RESULTS

Experiment 1. Effects of supplementation of
sulfur-containing amino acids to a 25% heated soybean flour diet on liver fat contents and NP-SH concentrations The results are given in Table III . There was no difference in food intake between the basal diet group and the three cystine sup plemented diet groups, whereas the growth rate of the latter was slightly higher than that of the former. However, the food intake and growth rate of all methionine supplemented diet groups were significantly higher than those of the other groups. The liver fat contents of rats fed the diet supplemented with either methionine or cystine HCl were signi ficantly higher than that of rats fed the basal diet. Liver NP-SH concentrations were progressively increased together with the increase in dietary levels of methionine or cystine HCl, but differences in liver NP-SH concentration between the 0.4% cystine HCl or methionine supplemented diet group and the 0.6% cystine HC1 or methionine supplemented diet group were not statistically significant. Experiments 2 and 3. Effects of further sup plementation of threonine to a 25% heated soybean flour diet supplemented with 0.6 methionine or 0.6% cystine HCl on liver fat contents and NP-SH concentrations Table IV shows the results of experiment 2. Growth rate of both methionine supplemented diet groups was significantly higher than that of the other groups. Liver fat contents of the methionine or cystine HCl supplemented diet group and cystine HC1 plus threonine supple mented diet group were clearly higher than those of the basal diet group, whereas those of the methionine plus threonine supplemented group were about the same as those of the basal diet group. Figure  1 Table V . In experi ment 4, the food intake, growth rate, and liver fat content of rats fed the 10% casein diet supplemented with 0.6% cystine HCl were significantly higher than those of rats fed the unsupplemented diet. Liver NP-SH and taurine concentrations of the former were 3 to 4 times higher than those of the latter. In experiment 5 it was observed that the further addition of 0.5% threonine to the cystine sup plemented diet increased the growth rate, but not the food intake. This threonine supple mentation not only eliminated the liver fat ac cumulation induced by the cystine sup plemented diet as shown in results of experi ment 4, but also significantly lowered the liver NP-SH and taurine concentrations as com pared with those of rats fed the 10% casein diet supplemented with 0.6% cystine HCl alone. On the other hand, the growth rate of rats fed the 25% casein diet was significantly higher than those of rats fed either the 0.6% cystine HCl or 0.6% cystine HCl plus 0.5% threonine supplemented diet. However, liver NP-SH concentration of rats fed the 25% casein diet was as high as that of rats fed the 0.6% cystine HCl supplemented diet, whereas the liver taurine concentration of rats fed the former diet was clearly lower than that fed the latter, and was at the same level as that of rats fed the 0.6% cystine HCl plus 0.5% threonine sup plemented diet.
Experiments 6 and 7. Effects of supplementa tion of lysine and threonine to a 70% wheat flour diet on liver fat contents, and liver NP-SH and taurine concentrations Table VI shows the results of experiments 6 and 7. The addition of 0.4% lysine HCl to the 70% wheat flour diet clearly brought about high food intake. Liver fat content and NP-SH concentration of rats fed the lysine sup plemented diet were greater than those of rats fed the basal diet, and those differences were statistically significant. Without changes in food intake, the further addition of threonine to the lysine supplemented diet caused high growth rate as compared with that of the lysine supplemented diet, decreased the liver taurine concentration, and reduced the liver fat con- to the low protein diet, but also the level of protein in the diet influenced the NP-SH concentration in the liver. On the other hand, in spite of the elevated NP-SH concentration in the liver of rats fed the 25% casein diet, the liver fat content was normal (Table V) . The further addition of threonine to the 25% heated soybean flour diet supplemented with methionine or to the 10% casein diet supple mented with cystine caused a significantly decrease in NP-SH concentration and fat content in the liver, but the former was still remarkably higher than that in the liver of rats fed the basal diet. This relatively high NP-SH concentration in the liver of rats fed these sulfur-containing amino acids and thre onine supplemented diets as compared with that of rats fed these basal diets might be partially due to the increased food intake. 19) Changes in the taurine concentration in the liver of rats fed the 10% casein diet supple mented with cystine plus threonine were in the parallel direction with those of the NP-SH concentration (Table V) . These changes in the liver NP-SH and taurine concentrations might be due to an excess of some catabolites of sulfur-containing amino acids, although we observed that the addition of taurine to the low casein diet did not affect the liver fat content (unpublished observation). It was prelimi narily observed in our laboratory that the ef fects of addition of 0.3% cystine HCl or 0.3% cystine HCl plus 0.25% threonine to the 10% casein diet on the liver fat contents, NP-SH and taurine concentrations were the trends similar to those of 0.6% cystine HCl or 0.6 cystine HCl plus 0.5% threonine to the 10 casein diet. The supplementation of lysine to a wheat flour diet occasionally produced the fat accumulation in the liver, probably as a result of a specific function of lysine.21) As shown in Table II , however, the ratio of con tents of sulfur-containing amino acids to that of threonine in the 70% wheat flour diet is remarkably higher than that in the 25% heated soybean flour or 10% casein diet, and this high ratio in the 70% wheat flour diet is comparable to that in the 25% heated soybean flour or 
